Mode of Occurrence and Distribution of Bauxite Deposits in Andhra Pradesh and Feasibility of Aluminum Industry  by Reddy, Maddi Karthik et al.
 Procedia Earth and Planetary Science  11 ( 2015 )  115 – 121 
Available online at www.sciencedirect.com
1878-5220 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the Global Challenges, Policy Framework & 
Sustainable Development for Mining of Mineral and Fossil Energy Resources.
doi: 10.1016/j.proeps.2015.06.015 
ScienceDirect
*OREDO&KDOOHQJHV3ROLF\)UDPHZRUN	6XVWDLQDEOH'HYHORSPHQWIRU0LQLQJRI
0LQHUDODQG)RVVLO(QHUJ\5HVRXUFHV*&3)
0RGHRI2FFXUUHQFHDQG'LVWULEXWLRQRI%DX[LWH'HSRVLWVLQ
$QGKUD3UDGHVKDQG)HDVLELOLW\RI$OXPLQXP,QGXVWU\
0DGGL.DUWKLN5HGG\9DGGH5DPHVK9LSSDUOD6ZDUXS.XPDU
Department of Geology, Andhra University, Visakhapatnam-530003 
$EVWUDFW
%DX[LWH IRUPVIRXUJURXSVRIFDSSLQJ LQKLJKKLOOVRI WKH(DVWHUQ*KDWVZKLFKDUHIRUP6:WR1( WKH*XUWHGX
JURXS&KLQWDSDOOLJURXS3DGHUXJURXSDQG$UDNXRU$QDQWDJLULJURXSLQDEHOWNPORQJDQGNPZLGH,W
RFFXUVERWKRQ.KRQGDOLWHDQGFKDUQRFNLWH7KHFDSSLQJRQWKHNKRQGDOLWHDUHPRUHLQQXPEHUWKDQRQWKHODWWHU
7KH LQ VLWX IRUPDWLRQRI EDX[LWH E\ DOWHUDWLRQ RQ NKRQGDOLWH LV LQGLFDWHG E\ WKH UHOLFW IROLDWLRQ RI NKRQGDOLWH LQ
EDX[LWHSDUDOOHOWRWKHIROLDWLRQRIWKHXQGHUO\LQJNKRQGDOLWHWKHSVHXGRPRURSKVRIWKHEDX[LWHPLQHUDOJLEEVLWH
DIWHU JDUQHW VLOOLPLQDWH DQG IHOGVSDU DQG WKH ERXOGHUVZLWK FRUH RI IUHVK URFN DQG FRYHU RI EDX[LWH %RHKPLWH
GLIIHUVIURPGLDVSRUHLQWKDWLWKDVDORZHUVSHFLILFJUDYLW\DQGRFFXUVLQWKHIRUPRIPLQXWHFU\VWDOVUKRPELFRU
EODGHG ZKLFK FDQ RQO\ EH VHHQ ZLWK D PLFURVFRSH %RWK PLQHUDOV LI VHSDUDWHG IURP LPSXULWLHV DUH XVXDOO\
FRORXUOHVV *LEEVLWH RU K\GUDJLOOLWH LV WKH RQO\ DOXPXQD PLQHUDO IRXQG LQ WULK\GUDWHG EDX[LWHV ERWK LQ WKH
FU\VWDOOLQH DQG QRQFU\VWDOOLQH IRUPV ,W LV FRORXUOHVV OLNH WKH PRQRK\GUDWHG PLQHUDOV EXW KDV D ORZHU VSHFLILF
JUDYLW\$OXPLQLXPPDQXIDFWXUHFRQVLVWVRIWZRSKDVHVLHPDQXIDFWXUHRIDOXPLQDIURPEDX[LWH$O2
DQGWKHDOXPLQDLVWREHUHILQHGDQGIDEULFDWHG7KHORFDWLRQRIWKHVPHOWHUVLVEHLQJFRQWUROOHGE\WKHORFDWLRQRI
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LQGLFDWHG E\ WKH UHOLFW IROLDWLRQ RI NKRQGDOLWH LQ EDX[LWH SDUDOOHO WR WKH IROLDWLRQ RI WKH XQGHUO\LQJ
NKRQGDOLWHWKHSVHXGRPRURSKVRIWKHEDX[LWHPLQHUDOJLEEVLWHDIWHUJDUQHWVLOOLPLQDWHDQGIHOGVSDUDQG
WKH ERXOGHUV ZLWK FRUH RI IUHVK URFN DQG FRYHU RI EDX[LWH 5DPDP  6FUDSV RI XQDOWHUHG
NKRQGDOLWH DQG FKDUQRFNLWH DUH DOVR SUHVHQW 5DPDP $ FRPSDUHV WKH EDX[LWH GHULYHG
IRUPNKRQGDOLWH ZLWK WKDW GHULYHG IRUPFKDUQRFNLWH DQG VKRZV KRZ WKH PLQHUDORJLFDO DQG VWUXFWXUDO
FKDUDFWHURIWKHURFNSOD\VDGHFLVLYHUROHLQFKHPLFDOZHDWKHULQJDQGWKHLQVLWXIRUPDWLRQRIEDX[LWH
7KLUWHHQ SODWHDXV LQ VDSSDUOD UHJLRQ DUH HVWLPDWHG WR FRQWDLQ RYHU  PLOOLRQ WRQQHV RI SRWHQWLDO
UHVHUYHV RI EDX[LWH RI JUDGH $O2 $ WRWDO UHVRXUFH RI  PLOOLRQ WRQQHV RI SRWHQWLDO
UHVHUYHV RI EDX[LWH KDYH EHHQ HVWLPDWHG IURP DOO WKH GHSRVLWV LQFOXGLQJ WKH &KLQWDSDOOL 6DSSDUOD
*XGHP-HUUDOH  PLOOLRQ WRQQHV GHSRVLWV RI 9LVDNKDSDWQDP DQG *XUWHGX .DWDPUDMXNRQGD
'XPNRQGDPLOOLRQWRQQHVGHSRVLWVRI(DVW*RGDYDULGLVWULFW5DPDP%

7DEOH6WXG\RIEDX[LWHGHULYHGIURP.KRQGDOLWHDQG&KDUQRFNLWH 
&KDUDFWHULVWLFV %DX[LWHGHULYHGIURP.KRQGDOLWH %DX[LWHGHULYHGIURP&KDUQRFNLWH
'LVSRVLWLRQRISODWHDX 0RGHUDWH WR VWHHS VORSHV LQ RQH RU PRUH
GLUHFWLRQV
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$UHDRIFDSSLQJ 8SWRVTNP 8SWRVTNP
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+DUGFDS ,URQFUXVWLVWRRWKLQRUDEVHQW ,URQFUXVWLVLQYDULDEO\SUHVHQW
6WUXFWXUH 5HOLFW IROLDWLRQ DQG MRLQWV SURQRXQFHG
IUDFWXUHFOHDYDJHVRIPLQHUDOV
5HOLFW IROLDWLRQ DQG MRLQWV DUH IHHEOH DQG
RFFDVLRQDO
&RORU 3LQNFUHDP\HOORZEURZQDQGUHGGLVKEURZQ 5HODWLYHO\GXOOORRNLQJDQGGDUNUHG
+DUGQHVV 0HGLXP KDUG DQG VRIW RZLQJ WR QXPHURXV
SODQHV RI ZHDNQHVV SRURXV DQG VSRQJ\ WRS
VHFWLRQVYHUPLFXODUDQGYHVLFXODULQSODFHV
9HU\ KDUG DQG KDUG RZLQJ WR PDVVLYH
FKDUDFWHU RI URFN DQG PHDJHU SODQHV RI
ZHDNQHVVYHUPLFXODUDQGYHVLFXODUPDVVLYH
 &ODVVLILFDWLRQRIEDX[LWHGHSRVLWV
%DX[LWHLVWKHURFNVFRQVLVWLQJRIK\GUDWHVRIDOXPLQLXPR[LGHDQGYDULRXVLURQR[LGHV
7KHPRVWXQGHVLUDEOHLPSXULW\LVVLOLFD6L2WKHDPRXQWRIZKLFKLQRUHVVKRXOGQRWH[FHHGLI
WKH%D\HUWHFKQLTXHLVXVHGWRH[WUDFWDOXPLQDDQGQRWPRUHWKDQLIWKHFDOFLQLQJWHFKQLTXHLV
XVHG
L 8QGHUWKH%D\HUWHFKQLTXHJURXQGEDX[LWHRUHVDUHWUHDWHGZLWKVROXWLRQVRIFDXVWLFVRGD
ZKLFKH[WUDFWWKHDOXPLQDDQGWKXVVHSDUDWHLWIURPWKHRWKHUFRQVWLWXHQWV
LL 8QGHU WKH FDOFLQLQJ WHFKQLTXH JURXQG EDX[LWH RUH DQG OLPHVWRQH DUH PL[HG ZLWK
FDOFLQDWHGVRGDDQGWKHZKROHLVFDOFLQHGLQDURWDU\NLOQDWR&WKHUHVXOWDQW
SURGXFWEHLQJVROLGVRGLXPDOXPLQDWH,QWKHQH[WVWDJHWKHVLQWHULVOHDFKHGZLWKZDWHU
RUDZHDNVROXWLRQRIVRGDDWR&
%DX[LWH JHQHUDOO\ FRQWDLQ VPDOO DGPL[WXUHV RI R[LGHV RI FDOFLXP PDJQHVLXP SKRVSKRURXV
PDQJDQHVH HWF DOXPLQDPLQHUDOV DOXPLQLXPR[LGH SUHVHQW LQ WKH EDX[LWHPD\ KDYH WULK\GUDWHG RU
PRQRK\GUDWHGPROHFXOHV&RQVHTXHQWO\WKHZDWHUFRQWHQWRIEDX[LWHYDULHVIURP
D ,QPRQRK\GUDWHGEDX[LWHVWKHDOXPLQDPLQHUDOVDUHGLDVSRUHDQGERHKPLWH
E 'LDVSRUH LV YHU\ GHQVH VSHFLILF JUDYLW\  DQG KDUG LW ZLOO VFUDWFK JODVV ,Q URFNV
FU\VWDOVUKRPELFXVXDOO\UHSUHVHQWLWZKLFKDUHVRVPDOOWKDWDUHLQYLVLEOHWRWKHQDNHGH\H
%RHKPLWHGLIIHUV IURPGLDVSRUH LQ WKDW LWKDV D ORZHU VSHFLILFJUDYLW\ DQGRFFXUV LQ WKH IRUPRI
PLQXWH FU\VWDOV UKRPELF RU EODGHG ZKLFK FDQ RQO\ EH VHHQ ZLWK D PLFURVFRSH %RWK PLQHUDOV LI
VHSDUDWHGIURPLPSXULWLHVDUHXVXDOO\FRORXUOHVV
/HSWRFKORULWHV±FRPSOH[VLOLFDWHVRILURQSUHVHQWPRVWO\LQWKHIRUPRIIHUURXVR[LGHDOXPLQLXP
DQGPDJQHVLXPDUHDFKDUDFWHULVWLFFRPSRQHQWRIVRPHPRQRK\GUDWHGEDX[LWHV/HSWRFKORULWHVKDYHD
KLJKVSHFLILFJUDYLW\PRUHWKDQDQGJUHHQFRORXUZKLFKWKH\VRPHWLPHVLPSDUWWRWKHEDX[LWHV
*LEEVLWH RU K\GUDJLOOLWH LV WKH RQO\ DOXPXQDPLQHUDO IRXQG LQ WULK\GUDWHG EDX[LWHV ERWK LQ WKH
FU\VWDOOLQHDQGQRQFU\VWDOOLQHIRUPV,W LVFRORXUOHVVOLNHWKHPRQRK\GUDWHGPLQHUDOVEXWKDVDORZHU
VSHFLILFJUDYLW\
,QWULK\GUDWHGEDX[LWHVJLEEVLWHLVXVXDOO\DFFRPSDQLHGE\NDROLQWKHPLQHUDORISRUFHODLQFOD\V
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2QHVKRXOGVD\KRZHYHUWKDWSUDFWLFDOO\DOZD\VWKHEULJKWRUPRWWOHGFRORXURIEDX[LWHVLVGXHWRWKH
SUHVHQFHRIVRPHLPSXULWLHVDQGQRWWRWKHDOXPLQDPLQHUDOVZKLFKHQWHULQWRWKHLUFRPSRVLWLRQ
7KHPRVWGLVWLQJXLVKLQJIHDWXUHRIEDX[LWHVLVWKHLUSLVROLWLFRURROLWLFVWUXFWXUH+RZHYHUQRWDOO
EDX[LWHRUHVVKRZVVXFKDVWUXFWXUHZKLFKHYHQVDQLQH[SHULHQFHGSURVSHFWRUZLOOQRWIDLOWRUHFRJQL]H
%DX[LWH SLVROLWHV DUH VSKHULFDO DQG HOOLSWLFDO IRUPDWLRQV JHQHUDOO\ RI XUDQLXP FRPSRVLWLRQ DQG
FRORXU YDU\LQJ LQ VL]H IURP D IUDFWLRQRI DPLOOLPHWUH WR PLOOLPHWUHV 3LVRORWHV GR QRW KDYH D
FRQFHQWULF VWUXFWXUH DQG DUH RQO\ VRPHWLPHV HQFORVHG LQ D VKHOO2Q WKHRWKHU KDQG WKH VWUXFWXUH RI
RROLWHVZKLFKDUHDOVRVSKHULFDOIRUPDWLRQVLVFRQFRLGDORUFRQFHQWULF
3LVROLWHVRURRORWHVDUHVFDWWHUHGPRUHRU OHVVGHQVHO\ WKURXJK WKHKRPRJHQHRXVQRQFU\VWDOOLQH
PDWUL[ ZKLFK PD\ GLIIHU IURP WKH SLVRORWHV LQ FRORU IUDFWXUH DQG HYHQ FKHPLFDO FRPSRVLWLRQ 7KH
ERXQGDU\EHWZHHQWKHSLVROLWHVDQGWKHJURXQGPDVVLVDOZD\VZHOOGHILQHG
0RQRK\GUDWHEDX[LWHVRFFXUHLWKHU LQUHGEURZQRUJUH\JUHHQYDULHWLHVLQDZLGHUDQJHRI WLQWV
8VXDOO\WKHSLVROLWHVDQGWKHJURXQGPDVVDUHRIWKHVDPHFRORU
)URP WKH YLHZSRLQW RI VWUXFWXUH DQG RXWZDUG FKDUDFWHULVWLFV WKH IROORZLQJ YDULHWLHV PD\ EH
LGHQWLILHGDPRQJPRQRK\GUDWHEDX[LWHV
D %URZQUHGRUFKHUU\ UHGRFFDVLRQDOO\EULFNUHGEDX[LWHVZKLFKVWURQJO\VRLO WKH ILQJHUVKDYHD
ILQH SLVROLWLF VWUXFWXUH DQG KLJK VSHFLILF JUDYLW\:LWK UHJDUG WRPLQHUDO FRPSRVLWLRQ WKH\ DUH
GLDVSRUDEDX[LWHV
E %URZQUHG WR GDUN UHG EDX[LWHV ZLWKRXW D SLVROLWLF VWUXFWXUH D VXEFRQFRLGDO IUDFWXUH DQG D
VPRRWKVXUIDFHZKLFKGRQRWVRLOWKHILQJHUV,QYLHZRIWKHLUUHVHPEODQFHWRXUDOMDVSHUVWKHVH
EDX[LWHVFDPHWREHNQRZQDVMDVSHUOLNH$OXPLQDLVSUHVHQWLQWKHIRUPRI%RHKPLWH
F 'DUNUHGILQHSLVROLWLFRUHVZKLFKGRQRWVRLOWKHILQJHUVDQGWKHRXWZDUGDSSHDUDQFHRIZKLFKLV
LQWHUPHGLDWHEHWZHHQWKHILUVW WZR$OXPLQDRUWREHPRUHVSHFLILF LWVK\GUDWH LVSUHVHQW LQ WKH
IRUPRIERWKGLDVSRUDDQG%RHKPLWH
G 7KHIROORZLQJWZRW\SHVDUHUHFRJQL]HGDPRQJEDX[LWHVJUH\DQGJUHHQJUH\
x 'DUN JUH\ RFFDVLRQDOO\ DOPRVW EODFN EDX[LWHV ZLWK DQ LQGLVWLQFW ILQHSLVROLWLF VWUXFWXUH
FRQWDLQLQJDOXPLQDLQWKHIRUPRIGLDVSRUDDQG/HSWRFKORULWHV
x *UHHQJUH\ WR SDOH SLQN FOD\H\ VFKLVWRVH EDX[LWHV RI D SLVROLWLF VWUXFWXUH ,Q DGGLWLRQ WR
GLDVSRUDDQGOHSWRFKORULWHWKH\FRQWDLQDQDGPL[WXUHRINDROLQLWH
H 0RWWOHGEDX[LWHVDPRQJZKLFKLQDGGLWLRQWREOXHDQGJUHHQJUH\WLQWVEURZQDQGFUHDPFRORUHG
YDULHWLHVRFFXURFFDVLRQDOO\7KHSLVROLWRFRURROLWLFVWUXFWXUHLVQRWDOZD\VZHOOSURQRXQFHG7KH
PLQHUDOVDUHGLDVSRUDERHKPLWHDQGOHSWRFKORULWHV
7KH IROORZLQJ WKUHH SULQFLSDO YDULHWLHV DUH UHFRJQL]HG DPRQJ WULK\GUDWHG EDX[LWHV ZKLFK VWULNLQJO\
GLIIHULQRXWZDUGDSSHDUDQFHIURPPRQRK\GUDWHV
D 6WRQ\EDX[LWHV D KDUG VWURQJ URFNZLWK D FRDUVHSLVROLWLF VWUXFWXUH KLJK VSHFLILF JUDYLW\ DQG D
JUHDWYDULHW\RIFRORUV7KHPDWUL[LVJHQHUDOO\RIDOLJKWHUFRORUWKDQWKHSLVROLWHV7KHFRORURI
WKHSLVROLWHVYDULHVIURPEULFNRUEURZQUHGWRQHDUO\ZKLWH7KHRUHPD\VLPXOWDQHRXVO\FRQWDLQ
EODFNEULFNUHGDQGOLJKW\HOORZRUYDULFRORXUHGSLVROLWHV
E /RRVH EDX[LWHV SURGXFWV RI GHVWUXFWLRQ RI VWRQ\ EDX[LWHV 7KH\ RFFXU DV DFHPHQWHG RU
FRPSOHWHO\ORRVHPDVVVRPHWLPHVFRQWDLQLQJVFDWWHUHGSLVROLWHV,QDGGLWLRQWRJLEEVLWHWKH\PD\
FRQWDLQFRQVLGHUDEOHTXDQWLWLHVRINDROLQLWH
F &OD\H\EDX[LWHVJUHDWO\UHVHPEOLQJORRVHEDX[LWHV7KH\DUHXVXDOO\EULFNRUSLQNUHG3LVROLWHV
RFFXU LQWKHPUDWKHULQIUHTXHQWO\7KH\DUHGLVWLQJXLVKHGIURPORRVHEDX[LWHVE\WKHLUSODVWLFLW\
ZKHQWKH\DUHZHWWKH\FDQEHQHHGHGLQWRDGRXJKOLNHPDVVVXLWDEOHIRUPRGHOOLQJ
7KHKLJKVLOLFDFRQWHQWRIFOD\H\EDX[LWHVPDNHVWKHPHFRQRPLFDOO\XQLPSRUWDQWEXWWKH\VKRXOGEH
FORVHO\ H[DPLQHGEHFDXVH WKH\DUHRIWHQ DVVRFLDWHGZLWK VWRQ\DQGFOD\H\EDX[LWHVZKRVH HFRQRPLF
LPSRUWDQFHLVH[FHHGLQJO\JUHDW
$ORQJZLWKPRQRK\GUDWHDQGWULK\GUDWHEDX[LWHVWKHUHDUHYDULWLHVLQZKLFKDOXPLQDLVSUHVHQWLQ
ERWK PRQRK\GUDWH 'LDVSRUD DQG %RHKPLWH DQG WULK\GUDWHG JLEEVLWH IRUPV %HVLGHV URFNV RI D
SLVROLWLFVWUXFWXUHWKH\VRPHWLPHVFRQWDLQMDVSHUOLNHDQGHDUWK\URFNVZLWKIHZSLVROLWHVRUQRQHDWDOO
7KHSLVROLWHVWKDWDUHIRXQGDUHJHQHUDOO\SLQNRUGLUW\JUH\RU\HOORZLVK
7KHHDUWK\YDULHWLHVRIEDX[LWHVRIWKLVPL[HGW\SHDUHQRQSODVWLFDQGVRLOWKHILQJHUV
,WKDVDOUHDG\EHHQSRLQWHGRXWWKDWPRVW W\SLFDOIHDWXUHRIEDX[LWHRUH LV WKHLUSLVROLWLFVWUXFWXUH
+RZHYHUWKLVVWUXFWXUHLVDOVRIRXQGLQVRPHURFNVRWKHUWKDQEDX[LWHVK\GURXVDQGVLOLFDWHLURQRUHV
DQGNDROLQURFNV
 )RUPDWLRQRIEDX[LWHGHSRVLWV
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+\GUR[LGHVRIDOXPLQLXPDQGLURQWKHPDWHULDOVZKLFKJLYHULVHWREDX[LWHRUHVDFFXPXODWHGDVD
UHVXOW RI WKH GHSRVLWLRQ RI WKHPLQHUDO SDUWLFOHV LQ VHDV ODNHV DQG ERJV 'XULQJ SHULRGVPDUNHG E\
UHODWLYHUHJUHVVLRQVRIWKHVHDJUHDWPDVVHVRIURFNVLQFOXGLQJVRPHZLGWKDKLJKDOXPLQDFRQWHQWZHUH
H[SRVHG7KHFOLPDWHZDVZDUPHYHQKRWDQGKXPLGWKHVKRUHVZHUHGHHSO\LQGHQWHGZLGWKED\VDQG
ODJRRQVDQGWKHVXUIDFHRIWKHHDUWKZDVGRWWHGZLWKFRXQWOHVVODNHVGUDLQHGZLWKQXPHURXVULYHUVDQG
FRYHUHG ZLWK OX[XULRXV YHJHWDWLRQ 7KH DEXQGDQFH RI ZDWHU VDWXUDWLQJ WKH URFNV LQ WKH ZLQWHU DQG
HYDSRUDWLQJLQWKHGU\VXPPHUWKHODUJHTXDQWLW\RIFDUERQGLR[LGHLQWKHDWPRVSKHUHDQGWKHZDWHU
WKHRUJDQLFDFLGVSURGXFHGE\WKHGHFD\RISODQWVLQERJVDQGODVWO\WKHYLJRURXVEDFWHULDOSURFHVVHVLQ
WKHKRWKXPLGFOLPDWH FRPELQHG WRFDXVHFKHPLFDOZHDWKHULQJ LH WKHGHVWUXFWLRQRI URFNVDQG WKH
GLVVROXWLRQ RI WKHLU FRQVWLWXHQW PLQHUDOV $OXPLQD VLOLFDWHV DUH WKH VRXUFH RI DOXPLQD LQ PDJPDWLF
URFNVZKLFK VXFFXPE WRZHDWKHULQJ ,Q WKH JUHDWPDMRULW\ FDVHV DVZHDWKHULQJ WKH\ DUH VWULSSHG RI
VRGLXP FDOFLXP SRWDVVLXP PDJQHVLXP DQG LURQ GLVVROYHV DOXPLQRVLOLFDWHV D VWURQJ ERQG LV
HVWDEOLVKHGEHWZHHQDOXPLQLXPDQGVLOLFDWRIRUPNDROLQLWH7KLVSURFHVVLVFDOOHGNDROLQLVDWLRQJLYHV
ULVHWRNDROLQFOD\V,WKDVEHHQGHPRQVWUDWHGH[SHULPHQWDOO\WKDWPLQHUDOVFRQWDLQIUHHDOXPLQDZKLFK
LV QRW DVVRFLDWHGZLWK VLOLFD7KH VHSDUDWLRQRI DOXPLQD IURP VLOLFDZKLFK LV D QHFHVVDU\ VWHS LQ WKH
IRUPDWLRQRIEDX[LWHRUHVFRXOGRQO\RFFXULQQDWXUHLIWKHVROXWLRQVZKLFKDWWDFNHGWKHURFNFRQWDLQHG
DVWURQJDFLGWKDWFDXVHGWKHVLOLFDWRFRDJXODWHDQGSUHFLSLWDWHUDSLGO\DQGDWWKHVDPHWLPHGLVVROYHG
WKH DOXPLQD6XOSKXULF DFLG WKHXVXDOSURGXFWRI WKH R[LGDWLRQRI VXOSKXU S\ULWH DQGRWKHU VXOSKLGHV
QDWXUDOO\ SOD\HG WKH GHFLVLYH UROH LQ WKH OLEHUDWLRQ RI DOXPLQD ,W VHHPV WKDW QDVFHQW VXOSKXULF DFLG
GHVWUR\HGWKHVWURQJERQGEHWZHHQWKHDOXPLQLXPDQGWKHVLOLFRQRIWKHDOXPLQDVLOLFDWHVDQGVWULSSHG
WKHPRI DOXPLQD LQ WKH IRUPRI VROXEOH VDOWV'LOXWLRQE\ DWPRVSKHULFZDWHU VKDUSO\GLPLQLVKHG WKH
DFLGLW\RI VXOSKXULF DFLG VROXWLRQV WKXVPDNLQJSRVVLEOH WKHSUHFLSLWDWLRQ DQGGHSRVLWLRQRI DOXPLQD
IRUP VROXWLRQ7KHQ WKH RUJDQLF DFLGVSUHVHQW LQ WKHZDWHU RIPRVW ULYHUV DQG ODNHV FDPH LQWRSOD\
KXPLFVXEVWDQFHVTXLFNO\FRPELQHZLWKDOXPLQLXPWRIRUPVROXEOHFRPSRXQGVZKLFKDUHWUDQVSRUWHG
E\ULYHUVRYHUODUJHGLVWDQFHVZLWKRXWEHLQJSUHFLSLWDWHG:KHQDOXPLQDEHDULQJVROXWLRQVUHDFKHGWKH
VDOLQHRUEUDFNLVKZDWHUVRIDPDULQHEDVLQ WKHFKHPLFDODQGSK\VLFDOHTXLOLEULXPRI WKHVHVROXWLRQV
ZHUHXSVHWDQGWKLVVWDUWHGWKHSUHFLSLWDWLRQRIDOXPLQLXPDQGLURQK\GUR[LGHV7KHVHULVHWREDX[LWH
EHGV,QIUHVKZDWHUEDVLQVWKHFRDJXODWLRQRIVROXWLRQVPLJKWKDYHEHHQEURXJKWDERXWE\WKHPL[LQJRI
DFLGLFZDWHUV RI WKH VROXWLRQZLWK WKHZHDNO\ DONDOLQHZDWHUV RI ODNHV ,QPDULQH FRQGLWLRQV EDX[LWH
GHSRVLWVXVXDOO\RYHUOLHOLJKWFRORUOLPHVWRQHZLWKDQLUUHJXODUVXUIDFH7KHORZHUSDUWRIDEDX[LWHEHG
FRQVWLWXWHVWKHUHIRUHDKDSKD]DUGDFFXPXODWLRQRIDQJXODUOLPHVWRQHIUDJPHQWVHPEHGGHGLQDEDX[LWH
PDWUL[FDOOHGEDX[LWHEUHFFLD7KHXSSHUERXQGDU\RIWKHEHGLVJHQHUDOO\VPRRWK7KHWKLFNQHVVRIWKH
EHG GHSHQGV RQ WKH FRQWRXUV RI WKH EDVH %DX[LWH EHGV DUH XVXDOO\ FRYHUHG ZLWK D PDVV RI GDUN
FRORUHGOLPHVWRQHVRUFOD\H\VDQG\IRUPDWLRQVVDWXUDWHGZLWKRUJDQLFPDWWHU7KXVEDX[LWHGHSRVLWVRI
D PDULQH RULJLQ DUH XVXDOO\ VDQGZLFKHG EHWZHHQ WZR VHULHV RI OLPHVWRQHV %DX[LWH GHSRVLWV RI D
FRQWLQHQWDO RULJLQ IRUPHG LQ ODNHV DQG ERJV DUH DVVRFLDWHG ZLWK PRWWOHG FOD\H\ URFNV ZKLFK RIWHQ
RYHUOLHWKHURFNVRIWKHFUXVWRIZHDWKHULQJLHURFNVDOWHUHGRQWKHVXUIDFHRIWKHHDUWKE\WKHDFWLRQ
RI WKH DWPRVSKHUH FLUFXODWLQJ YDGRVH ZDWHU DQG E\ WKH YLWDO DFWLYLW\ RI SODQWV DQG DQLPDOV 7KHVH
ZHDWKHULQJ SURGXFWV DUH XVXDOO\ YDULFRORXUHG YDULRXV VKDGHV RI UHG \HOORZ YLROHW DQG RWKHU WLQWV
ZKLFKPDNHV WKHP FRQVSLFXRXV 6XFK EDX[LWH EHGV DUH XVXDOO\ FRQILQHG WR GHSUHVVLRQV LQ WKHPRUH
DQFLHQWURFNVFRUUHVSRQGLQJWRODNHVZKLFKVHHPVWRKDYHH[FLWHGWKHUHLQWKHSDVW7KH\DUHIUHTXHQWO\
DVVRFLDWHGZLWKFRDOVHULHV,QVRPHFDVHVEDX[LWHVXQGHUOLHFRDOVHULHVZKLOHLQRWKHU WKHSRVLWLRQLV
UHYHUVHG

 %DX[LWHGHSRVLWVLQLJQHRXVDQGPHWDPRUSKLFURFNV
%DX[LWHGHSRVLWVDUHNQRZQWRKDYHIRUPHGWKURXJKRXWWKHHDUWK¶VKLVWRU\RQSODWHDXVGXULQJORQJ
WHUUHVWULDOSHULRGV,QPRVWFDVHVWKH\HURGHGEXWEDX[LWHVHGLPHQWVZKLFKVXUURXQGWKHIRVVLOSODWHDXV
SURYHWKHLURULJLQDOH[LVWHQFH6RPHLQWHUFDODWHGEDX[LWHLQ&DPEULDQOLPHVWRQHVLVGHULYHGIURPWKH
ROGHVWNQRZQODWHULWLFEDX[LWHVRQLJQHRXVRUPHWDPRUSKLFURFNV/DWHULWHEDX[LWHRI/DWH'HYRQLDQWR
(DUO\ &DUERQLIHURXV DJH RFFXUV RQ EDVDOWV DQG DOVR -XUDVVLF WR &UHWDFHRXV )UHTXHQWO\ OLQNV RI
ZHDWKHUHGSODWHDXDQGIRUHODQGFRYHUHGZLWKUHGHSRVLWZHDWKHULQJSURGXFWVDUHGLVUXSWVWKURXJKGHHS
HURVLRQ 7KHUHIRUH FRPSOHWH UHFRQVWUXFWLRQ RI DUHDV RI GHQXGDWLRQ DQG GLVWULEXWLRQ LV QRW DOZD\V
SRVVLEOH$EHOW RI EDX[LWH GHSRVLWV IRUPHGPDLQO\GXULQJ/DWH&UHWDFHRXV DQG(DUO\7HUWLDU\ WLPHV
VSUHDGRYHUFRQWLQHQWZLGHSHQSODLQVRQ3UHFDPEULDQURFNV7KH\RXQJHVW ODYDVFDSSHGE\EDX[LWHV
ZKLFKFDQEHGDWHGSUHFLVHO\DERXW\HDUVROG9DOOH\VDOUHDG\FXWLQWRWKHEDX[LWHVDQGUHFHQW
IORZVDUHQRWODWHULWL]HG7KHVFRSHRIWKHSUHVHQWGD\WUDQVIRUPDWLRQPD\EHVWXGLHGEHVWLQDUHDVZLWK
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UHFHQW YROFDQLF WXII ([WHQVLYH UHVHDUFK LV XQGHUWDNHQ RQ WKH VR FDOOHG ³DQGVROV´ +RZHYHU RXU
NQRZOHGJH FRQFHUQLQJ WKH H[WHQW DQG VSHHG RI WUDQVIRUPDWLRQ LV VWLOO LQFRPSOHWH ,QVSLWH RI WKH
FRQWLQXRXVPRYHPHQWRI)H$ODQG6LWRGDWHDOOREVHUYDWLRQVIURP7HUWLDU\/DWHULWHEDX[LWHLQGLFDWH
QRWIXUWKHUGHYHORSPHQWEXWGHVWUXFWLRQRI/DWHULWHSURILOHV0RYHPHQWVRIWKHHDUWK¶VFUXVWUHVXOWHGLQ
GLIIHUHQW PRUSKRORJ\ JURXQG ZDWHU PRYHPHQWV DQG YHJHWDWLRQ DQG ROG ODWHULWHV UHSUHVHQW
SRO\JHQHWLFDOO\DOWHUHGVRLOV
7ZRW\SHVRIEDX[LWHGHSRVLWVDUHGLVWLQJXLVKHGRQWKHEDVLVRIIDFLHV
D 7KHVORSHW\SHJLEEVLWHZKLFKIRUPVOHQVVKDSHGERGLHVRQWKHVORSHGRHVQRWGHYHORSDW\SLFDO
YHUWLFDOSURILOH*LEEVLWHLVWKHPDLQ$OPLQHUDO
E 7KHSODWHDXW\SHJLEEVLWH%RHKPLWHLVDODWHUDOIDFLHVRIWKHSODWHDXODWHULWHVDORQJYDOOH\VORSHV
ZLWKJRRGGUDLQDJHDQGPDUNHGSURILOHGLIIHUHQWLDWLRQ
4.1. Alumina industry 
$PRQJDOOWKHQRQIHUURXVPHWDOVDOXPLQLXPLVWKHPHWDORIWKHPRGHUQDJHZKLFKLVDQHVVHQWLDO
SUHUHTXLVLWHIRUDFRXQWU\¶VSURJUHVVDQGLQGXVWULDOJURZWK:KLOHLWUHTXLVLWHIRUDFRXQWU\¶VSURJUHVV
DQG LQGXVWULDO JURZWK :KLOH LW UDQNV RQO\ QH[W WR VWHHO LQ SURGXFWLRQ LQ WKH ZRUOG LW H[FHHGV WKH
FRPELQHG RXWSXW RI WKH WKUHH QRQIHUURXV PHWDOV ± FRSSHU OHDG DQG ]LQF $OXPLQLXP ZDV ILUVW
GLVFRYHUHGRQO\LQ$'DQGKHQFHLVRQHRIWKH\RXQJHVWPHWDOVRIWKHZRUOG'XULQJ
WKHXVHRIDOXPLQLXPZDVRQO\FRQILQHGWRIDQF\DQGOX[XU\DUWLFOHV7KHILUVWFRPPHUFLDOH[SORLWDWLRQ
DQG WHFKQLFDODSSOLFDWLRQ WRRNSODFHGXULQJ$ WHFKQLFDO UHYROXWLRQZDVDFKLHYHG LQ
ZKHQVWUHQJWKGXUDOXPLQDOOR\VFRXOGEHSURGXFHGE\D*HUPDQPHWDOOXUJLVWDVDUHVXOWRIGLVFRYHU\RI
³DJH KDUGLQJ´ WHFKQLTXHV  $ORQJ ZLWK WKH WHFKQLFDO GHYHORSPHQW WKH SULFHV KDYH FRPH GRZQ
FRQVLGHUDEO\EXW\HWDOXPLQLXPLVDERXWWLPHVPRUHERRVWEHFDXVHRIWKH)LUVW:RUOG:DUVWDUWHG
LQ$LUFUDIW¶VQHHGHGOLJKWPHWDODQGDOXPLQLXPZDVVXLWDEOHIRUDLUFUDIWLQGXVWU\$WSUHVHQWPRUH
WKDQôRIDLUFUDIWDUHEHLQJEXLOWRIDOXPLQLXPDQGLWVDOOR\V/DWHULWZDVXVHGLQWUDQVPLVVLRQOLQHV
7KH ODWHVW SKDVH VWDUWHG DIWHU  ZKHQ WKLV PHWDO ZDV H[WHQVLYHO\ XVHG LQ WUDQVSRUW EXLOGLQJ
DUFKLWHFWXUDO DQG VWUXFWXUDO HQJLQHHULQJ ILHOGV ,Q ,QGLD WKLV LQGXVWU\ LV KDUGO\ WZR GHFDGHV ROG DV LQ
WKHDOXPLQLXPSODQWZDVVWDUWHGDW$VDQVROE\WKH$&,7KLVYHUVDWLOHPHWDOLVEHLQJXVHGIURP
VSRRQV WR VDWHOOLWHV EHFDXVH RI LWV OLJKWQHVV FKHDSQHVV JRRG DOOR\ SURSHUWLHV KLJK WKHUPDO
FRQGXFWLYLW\ UHVLVWDQFH WR FRUURVLRQ H[FHOOHQW UHIOHFWLYLW\ DQG JRRG ZRUNDELOLW\ %HFDXVH RI WKH
OLJKWQHVVLWKDVDVSHFLDOYDOXHIRUWKHWUDQVSRUWLQGXVWU\OLNHDLUFUDIWUDLOZD\VDQGDXWRPRELOHV)RULWV
UHVLVWDQFH WR FRUURVLRQ DQG VWUHQJWKZKHQ DOOR\HGZLWK RWKHUPHWDOV LW LV EHLQJ LQFUHDVLQJO\ XVHG LQ
FRQVWUXFWLRQLQGXVWULHVOLNHEXLOGLQJEULGJHVURRIVDQGPRUHVRLQSUHIDEULFDWHGVWUXFWXUHV$OXPLQLXP
IRLOVIRUZUDSSLQJDQGSDFNLQJPDWHULDO IRU WKHFLJDUHWWHFKRFRODWHHWFDUHZLQQLQJPRUHDQGPRUH
SRSXODULW\ HYHU\GD\$OXPLQLXPSRZGHU LV EHLQJXVHG DV SDVWH LQ WKHSDLQW LQGXVWU\ EHFDXVHRI LWV
UHVLVWDQFHWRVRPHFKHPLFDOUHDFWLRQV,WLVDOVRXVHGLQRLOUHILQHULHVFKHPLFDOZRUNVDQGEUHZHULHV
$IWHUWKH6HFRQG:RUOG:DUWKHXVHRIDOXPLQLXPKDVEHHQGLYHUVLILHGFRQVLGHUDEO\DVSULRUWRWKDWLW
ZDVRQO\FRQILQHGWRXWHQVLODQGKRXVHKROGZDUHVLQWKHNLWFKHQ
7KXV DSDUW IURP EXLOGLQJ FRQVWUXFWLRQ FDQQLQJ DQG SDFNLQJ IRRG DQG IDUPLQJ LQGXVWULHV
PDQXIDFWXULQJ RI HQJLQHHULQJ HTXLSPHQW WH[WLOH PDFKLQHU\ SODQW DQG HTXLSPHQW IRU WKH IRRG DQG
FKHPLFDOLQGXVWULHVDUHDOVREHLQJPDQXIDFWXUHGRXWRIDOXPLQLXP(YHQWKRXJKDOXPLQLXPFRPSULVHV
DERXWRIWKHHDUWK¶VFUXVWLWLVVHOGRPIRXQGLQLWVQDWXUDOVWDWH3URGXFWLRQRIDOXPLQLXP¶VJRLQJ
XSWRPWRQQHV:RUOGSURGXFWLRQKDVLQFUHDVHGE\DERXWVL[WLPHVVLQFH,QGLDKDVDOVR
WDNHQORQJVWULNHVVLQFHDQG7KHWRWDOSURGXFWLRQZDVRQO\WKRXVDQGWRQHV,QGLDFRXOG
SURGXFHWKRXVDQGWRQQHVRIDOXPLQLXPE\DQGLWDQWLFLSDWHGEHLQJLQFUHDVHGWR
WKRXVDQGWRQQHVE\DQGWKXVSURGXFWLRQZLOOUHFRUGDERXWIROGLQFUHDVHZLWKLQDVSDQRI
 \HDUV 7KLV LQGXVWU\ KDV D EULJKW IXWXUH LQ ,QGLD DV WKHUH DUH H[WHQVLYH RFFXUUHQFHV RI EDX[LWH
GHSRVLWV DQG UHODWLYH DEVHQFH RI RWKHU QRQIHUURXV PHWDOV OLNH FRSSHU OHDG DQG ]LQF $OXPLQLXP¶V
SRWHQWLDOLWLHV IRU VXEVWLWXWLQJ FRSSHU LQ HOHFWULFDO JUDGH LQGXVWULHV VWDELOL]DWLRQ LQ SULFHV RYHU D
UHODWLYHO\ ORQJ SHULRG LQFUHDVLQJ WHPSR RI LQGXVWULDOL]DWLRQ DV D UHVXOW RI WKH LPSOHPHQWDWLRQ RI WKH
)LYH<HDUV 3ODQ DUH DOVR LPSRUWDQW IDFWRUV LQ IDYRU RI DOXPLQLXP LQGXVWU\ 5HTXLUHPHQWV IRU
GLVWULEXWLQJHOHFWULFSRZHUODUJHWUDFWVLQUXUDO,QGLDZLOODOVRHQWDLOEXLOGXVHRIDOXPLQLXPLQIXWXUHIRU
WUDQVPLVVLRQ OLQHV7KHSUHVHQW ORZSHUFDSLWDFRQVXPSWLRQDQG UDLVLQJ VWDQGDUGRI WZRFRQWULEXWLQJ
IDFWRUVIRUDEULJKWIXWXUHRIDOXPLQLXPLQGXVWU\LQ,QGLD:KHUHLWLVGHVWLQHGWRSOD\DJUHDWHUUROHWKDQ
LQRWKHULQGXVWULDOO\DGYDQFHGFRXQWULHVOLNH86$8.DQG8665EHFDXVHRIWKHVKRUWDJHRIQRQ
IHUURXVPHWDOV
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 /RFDWLRQDOIDFWRU
7KHORFDWLRQDOIDFWRUVDUHSULPDULO\GHWHUPLQHGDVSHUWKHGHJUHHRILPSRUWDQFHRIWKUHHSULQFLSDO
LWHPV OLNH UHTXLUHPHQW RI UDZPDWHULDO DYDLODELOLW\ RI SRZHU DQG ODVWO\ WKH ORFDWLRQ RI WKHPDUNHWV
0RVWO\WKHLQGXVWULHVDUHORFDWHGDWWKHSRLQWRIPLQLPXPWUDQVIHUFRVWVLQUHODWLRQWRWKHDVVHPEO\RI
WKHUDZPDWHULDOVSRZHUDQGGLVSRVDORIWKHILQLVKHGSURGXFWVWRWKHFRQVXPLQJSRLQWV
7KHIROORZLQJDUHWKHUHTXLUHPHQWVIRUWKHSURGXFWLRQRIWRQQHVRIDOXPLQLXP
D 5DZPDWHULDO%DX[LWH   «WRWRQHV
E &DOFLQHGSHWUROHXPFRNHIRUHOHFWURGHSDVWH «WRQHV
F &U\ROLWH     «WRQHV
G $OXPLQLXP     «WRQHV
H &DXVWLFVRGD     «WRQHV
I (OHFWULFHQHUJ\    «N:K
)RUSURGXFWLRQRIWRQQHVRIDOXPLQLXP
L $OXPLQLXPWRQHVZKLFKHTXLYDOHQWWRWRQQHVRIEDX[LWH
LL &U\ROLWHWRQHV,PSRUWHGIURPDEURDGDQG
LLL3RZHUWRN:KDUHUHTXLUHG
7KXVERWKWKHHVWLPDWHVDVUHJDUGVWKHUHTXLUHPHQWVIRUWKHSURGXFWLRQRIWRQQHVRIDOXPLQLXP
DUHDOPRVWLGHQWLFDO7KH\SRLQWHGDWRQHFRPPRQIDFWRUWKHLPSRUWDQFHRISRZHU9DVWPDMRULWLHVRI
WKH DOXPLQLXP SODQWV DUH SRZHU RULHQWHG LQ ,QGLD ZKLFK LV LQ QR ZD\ H[FHSWLRQ WR WKH FRQGLWLRQV
SUHYDOHQW LQ WKH ZRUOG DV D ZKROH 7KH VRXUFHV RI SRZHU PXVW QHFHVVDULO\ EH FKHDS DQG DGHTXDWH
WKURXJK WKH IDFWRUZKLFK LVRQO\FRPELQHGZLWKK\GHOSODQWV UDWKHU WKDQ WKH WKHUPDOSRZHU VWDWLRQV
+HQFH DOXPLQLXP SURGXFWLRQ XQLWV DUH SUHIHUDEO\ ORFDWHGZLWKLQ WKH HDV\ UHDFK RI WKH K\GHO SRZHU
VWDWLRQZLWKLQWHUUXSWHGSRZHUKDYLQJIDYRXUDEOHWUDQVSRUWIDFLOLWLHVWREDX[LWHGHSRVLWVRUYLFHYHUVD
3ODQWVDUHDOVRORFDWHGDWDSRLQWRIPLQLPXPWUDQVIHUFRVWVZLWKUHJDUGWRRUHDQGSRZHU
$YDLODELOLW\RISRZHUDWHFRQRPLFUDWHVLVRQHRIWKHSULPDU\SUHUHTXLVLWHVDVRIWKHFRVWRI
SURGXFWLRQ LV DFFRXQWHG E\ SRZHU $W DQ HVWLPDWHG UDWH RI  N:K SHU  WRQQHV RI
DOXPLQLXPSURGXFWLRQWRDFKLHYHWDUJHWRIPWRQVRIDOXPLQLXPE\DERXWPN:RI
SRZHUZRXOGEHUHTXLUHG3RZHUJHQHUDWLRQXQLWVORFDWHGLQSUR[LPLW\WREDX[LWHRFFXUUHQFHPD\EH
UHJDUGHGDV WKHRSWLPXPVLWH IRU DOXPLQLXPSODQWV$OXPLQLXPPDQXIDFWXUH FRQVLVWVRI WZRSKDVHV
LHPDQXIDFWXUHRIDOXPLQDIURPEDX[LWH$O2DQGWKHDOXPLQDLVWREHUHILQHGDQGIDEULFDWHG7KH
ORFDWLRQRIWKHVPHOWHUVLVEHLQJFRQWUROOHGE\WKHORFDWLRQRIWKHRUHGHSRVLWVDQGWKHSRZHUVLWHV7KH
RUHPRYHV WR SRZHU LI WKH\ DUHZLGH DSDUW DV WKLV LQGXVWU\ LV YHU\ SRZHU LQWHQVLYH DQG WKH FRVW RI
WUDQVSRUWDWLRQ GHWHUPLQH WKH H[DFW VLWH )URP WKH DOXPLQD E\ HOHFWURO\VLV SURFHVV DOXPLQLXP LV
PDQXIDFWXUHG E\ WKH DSSOLFDWLRQ RI &U\ROLWH ,QGLD LV EHLQJ XVHG WR LPSRUW HQWLUHO\ IURP
6:*UHHQODQG $W SUHVHQW V\QWKHWLF &U\ROLWH LV EHLQJ XVHG DV D VXEVWLWXWH ZKLFK LV SUHSDUHG IURP
IOXRUVSDU$OXPLQDLVDOLJKWPHWDODQGFDQVWDQGORQJKDXODJH+HQFHWKHVRXUFHRISRZHUKDVEHFRPH
WKH PRVW GRPLQDQW IDFWRU IRU WKH ORFDWLRQ RI DOXPLQLXP SODQWV ZKLFK VXEVHTXHQWO\ IDEULFDWH WKH
DOXPLQLXP,Q,QGLDEHFDXVHRIWKHVKRUWVXSSO\RIK\GHOSRZHUPDQ\RIWKH,QGLDQDOXPLQLXPSODQWV
KDGWREHFRDOEDVHG:KHQWKHFRVWRISURGXFWLRQSHUXQLWRIDOXPLQLXPLVSULPDULO\GHWHUPLQHGE\
SRZHULWVKRXOGEHDOORFDWHGWRWKHDOXPLQLXPPDQXIDFWXULQJXQLWVDWFKHDSHUUDWHV
 &RQFOXVLRQV
7KLUWHHQSODWHDXVLQVDSSDUODUHJLRQDUHHVWLPDWHGWRFRQWDLQRYHUPLOOLRQWRQQHVRISRWHQWLDO
UHVHUYHV RI EDX[LWH RI JUDGH $O2 $ WRWDO UHVRXUFH RI  PLOOLRQ WRQQHV RI SRWHQWLDO
UHVHUYHV RI EDX[LWH KDYH EHHQ HVWLPDWHG IURP DOO WKH GHSRVLWV LQFOXGLQJ WKH &KLQWDSDOOL 6DSSDUOD
*XGHP-HUUDOH  PLOOLRQ WRQQHV GHSRVLWV RI 9LVDNKDSDWQDP DQG *XUWHGX .DWDPUDMXNRQGD
'XPNRQGDPLOOLRQWRQQHVGHSRVLWVRI(DVW*RGDYDULGLVWULFW
7KHKLJKVLOLFDFRQWHQWRIFOD\H\EDX[LWHVPDNHVWKHPHFRQRPLFDOO\XQLPSRUWDQWEXWWKH\VKRXOGEH
FORVHO\ H[DPLQHGEHFDXVH WKH\DUHRIWHQ DVVRFLDWHGZLWK VWRQ\DQGFOD\H\EDX[LWHVZKRVH HFRQRPLF
LPSRUWDQFHLVH[FHHGLQJO\JUHDW
3RZHUJHQHUDWLRQXQLWVORFDWHGLQSUR[LPLW\WREDX[LWHRFFXUUHQFHPD\EHUHJDUGHGDVWKHRSWLPXP
VLWHIRUDOXPLQLXPSODQWV$OXPLQLXPPDQXIDFWXUHFRQVLVWVRIWZRSKDVHVLHPDQXIDFWXUHRIDOXPLQD
IURPEDX[LWH$O2DQGWKHDOXPLQDWREHUHILQHGDQGIDEULFDWHG
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